30000000 (X,L)O
h(Kx +2L)00000000000

00000 (Fukuma Yoshiaki)

1 00

X0000O0O0O0O0o00O0.0000000000,L0 X000
D000000.0000,00000(X,L)000000000. 0
00000000,n=3000,r(Kx+20)00000 (X,L)00
0D0O000O0O00O0000o.

0000020110120 270028000000000000000
000000000000000000000000000. 0000
000000000000000000,0000000000000
0000.000000000000000000000000000
000000000.0000000000000000000000
0oo0o000O00000o.

2 0JOoooboooooon

00O, Beltrametti 0 Sommese 00O O0O0O0O00OOO.

00 1 ([1, Conjecture 7.2.7]) n0 200000, (X, L) 0 nO000O0O
000000. 00 Kx+(n—1L0 nef000, B(Kx+(n—1)L) > 0
googg.

b1 00001ggobbobooogoboboagd.



() »=20000000100000000000000O000O00O. O
gboboooobooo.

Proof. 00 Riemann-RochOODOOOOOODOOOOOODODO
oood.
W(Kx + L) = g(X, L) = 1+ x(Ox)

000 g(X,L)0 (X, L)00000000%

(A) 0O k(X)>0000,000000000 ¢(X,L) > 20
00000000, 00, x(Ox) > 000000000000,
W(Kx+L)>0000000000.

(B) 0D k(X) = o000, x(Ox) =1-A(Ox) 000000
00000 KKy + L) = g(X,L) — h{(Ox) 00 0.

00 Ky + L) =0000, g(X,L) = B(Ox)000. 0O
k(X)=—-oco000 [4, Theorem 3.1]00, (X, L) 0000000
goodoo.

(2) (B2, Om(1).

(b) (B2, O0r(2)).

(cOUOOOOODODOODOOOOO.
O00,00000000000000 Kx+LOnefOODOOO
00000.00000 R (Kx+L)=00000000.000
goodd. [

(2) n=300000 [8, Theorem 24|0000000 100000
oooooo.

(3) Horing 0 OO [12]0 000 n>400 A%L) >0000000 1
0oooooooooo.

(4) 000000 100000000000 00.

D000 1000-lonescul 00O 0OOOO0OOOOOOODOODOODO
goo.

00000000000 2(2)000000

2



00 1n,0200000,(X,0)0,000000000,00100
000000.0000,00R(Kx+(n—1)L)=0000, (X,L)0
0ooo0o0o0o0O0o00oo.

(a) (B, Opn(1)).
(b) (Q*, Ogn(1)).
(¢ D0DDDDO0OO0ODODO0O0OO.
(d) (P, Op2(2)).

D000000nR=2,30000 h(Kx+(n—1)L)=000 (X, L)
0000000000000,
000n=300000 %Kx+2L)=100 (X, L)0000000
000000,000000000. 00008, Theorem 24]000.

gbobobuoooobbboooobobooooboboobo.

0(@00)n=3,h"(Kx+2L)=200 (X,L)000.
oooooo0o0Oooooo.

3 Uuoouoooon

00000 (X,L)D0000000+«000000 (éth sectional
geometric genus) 0000 O000O0.

00 1 (X,L)0n0000000,000 x(tL)O tLO Euler-Poincaré
O00000. 0000 x(tL)0¢t0000000w0000000,0
goboobooogo.

(i) = f;xxx, p(**7h).

00 1 ([6, Definition 2.1]) (X,L)0 n0 000000000, 000
D00<i<nO000000000:i0000(X,L)00:00000



O (¢th sectional geometric genus) ¢;(X,L) 000000000
go.

n—i

9i(X, L) := (=1)"(xn—i(X, L) — x(Ox)) + Z(—l)n_i_jhn_j(ox)~

j=0
002 (1)i=0000,g(X,L)=L"000.

(2) i=1000, (X, L)00000 ¢(X,L)000,X00000
0000000000000,

g(X,L)=1+ %(KX +(n—-1)L)L" .

(3) i=n000, g, (X,L)=h"(Ox)000.

4) n=3000,00 k(Kx+L)>0000, g2(X,L) > h'(Ox) O
0000 ([7, Theorem 3.2.1 0 Theorem 3.3.1 (2)] 0O 0).

(5) 0000000
RO(Kx +2L)—h’(Kx +L) = gn1(X, L)+ gn_o(X, L) —h"?(Ox)
00000 ([9, Definition 3.1 O Theorem 3.1]000).

0000000 (Kx+2L)=200030000000 (X,L)0
00000000000000000000.

00 1 (X,L)03000000000,xk(Kx+L)>0000000
O000.0000,R(Ky+2L)>300000.

Proof O0O00O0On=300,000002((G)00000,0000
ggooobogg.

hO(Kx +2L) = h'(Kx + L) = g2(X, L) + g1 (X, L) = B'(Ox). (1)

00,0024)00, g(X,L) >k (0Ox)000000,0000 (1)0
0000000000000,

RO(Kx +2L) > h°(Kx + L) + g1(X, L). (2)

4



000,002(2)00,¢(X,L)000000000000000.
(00) R°(Kx +20)<20000000000000.

W(Kx+2L)<2000 (2)00
2>h(Kx + L)+ g (X, L) (3)

0000. 00000 k(Kx+L)>00 ¢(X,L) 000000000
0oo

1
a(X,L)=1+ 5(KX +2L)L* > 2

00000,3)00 ¢ (X,L)=20000.0000,00 w(Kx+L) >
0000000000002000000000 [2, (1.10) Theorem O
(2.1) Theorem| 00000 (X,L)0000000000000000
oooo.

(I) O(Kx) = Ox, hl(OX) =0 and L3 =1.

(IT) X is a double covering of P* whose branch locus is a smooth
hypersurface of degree 6 in P? and L = 7*(Ops(1)), where 7 :
X — 3 is its double covering.

(III) (X, L) is a simple blowing up of a polarized manifold (X', L)
which is of the type (II) above.

00000000000 AR Kx+2L)>3000000000,00
“W(Kx+20)<2'0000000000.00000000. [l

0ooo0 100000,
n=300h"(Kx+2L)=2000 k(Kx +L)=—oco000
oooooo.

gobobooogooobo,gbbobooooboo.

n>3, hKx+(n—1)L)=200 k(Kx + (n—2)L) = —oc0
000 (X,L)0D00o0oo.



00, 00, Ionescu, Beltrametti-Sommese 0 00000000000
00 k(Kx+(n—2)L)=—-0c0 00 (X, L)0D0000OD00OODODOOO
O0. 000000000 R(Kx+(n—1)L)=200 (X,L)0000

ggbo.boogobooood.

00 2 ([11, Theorem 3.1]) Let (X, L) be a polarized manifold of di-
mension n > 3. Assume that k(Kx + (n — 2)L) = —oo. If h°(Kx +
(n—1)L) = 2, then (X, L) is one of the following.

(A) (X, L) is a hyperquadric fibration over a smooth curve C' and one

of the following holds. (Here we use the notation in [11, Notation

2.1].)

(A.1) g(C)=2and L", e, b and n are one of the following types.

L |el| b n
3 12|-1] 3
2111 0 |>23
110} 1 >3

(A.2) g(C)=1and L", e and b are one of the following types.

L™ | e b
6 4 | =2
51 3 | —1
4 | 2 0
3 1 1
2 0 2
1 |-1] 3

(A.3) ¢g(C) =0 and (X, L) is one of the types in [2, (3.30) Theo-

rem].

(B) (X, L) is a classical scroll over a smooth surface S. Then there

exists an ample vector bundle £ on S such that X = Pg(€) and
L =H(E), and (S5,€) is one of the following.



(B.1) S is the Jacobian variety of a smooth curve C' of genus two
and £ = &,(C,0)® N for some numerically trivial line bundle
N on S, where &,.(C, 0) is the Jacobian bundle of rank n — 1

for some point o on C'.
(B.2) S is an abelian surface and (det(&))? = 4.
(B.3) S is a bielliptic surface and (det(€))? = 4.

(B.4) n = 3, S is a one point blowing up of 7" and & is an in-
decomposable ample vector bundle of rank two on S with
det(€) = n*(H) — 2E, where T is either an abelian surface
or a bielliptic surface, 7 : S — T is the birational map, F is
the exceptional curve and H is an ample line bundle on T
with H? = 6.

(B.5) S is a minimal surface with £(S) =1 and x(Og) = 0. Then
X has an elliptic fibration f : S — C over a smooth curve C'.
Let m; F; be a multiple fiber of f and let ¢ be the number of
multiple fibers. Then ¢(5), g(C), t, (mq,...,my), (det(E))F
and Kg(det(€)) are one of the types in O 1 below.

(B.6) There exist a smooth projective curve C' with g(C') = 2 and
vector bundles F and G of rank two on C such that F is
normalized, S = Po(F) and € = h*(G) @ H(F), where h :
S — C'is the projection. Then det £ = 2C + (1 — deg F)F
and (deg F,degG) = (0,1),(1,0),(2,—1). In particular the
rank of £ is two and n = 3. Moreover if deg F > 1, then F
and G are semistable.

(B.7) (S,€&) is one of the types in [13, (2.3) Theorem (V)].
(B.8) (S,&) is either 4), 5)g or 5); in [3, (2.25) Theorem].

(C) Let (M, A) be a reduction of (X, L). Then (M, A) is a P2-bundle
® : M — C over a smooth elliptic curve C' with A|p = Op2(2)
for every fiber F' of ®. In this case, there exists a stable vector
bundle £ of rank three on C' with ¢(£) = 2 such that M =
Po(€) and A = 2H(E) + ¢*(B) for some line bundle B on C' with
det(€) +2B = 0.



Proof. 0000 [11, Theorem 3.1 0000000O. O

0000000000001 (2000 1000200000000
gboboboodag.

0 1 ([11, Corollary 3.1) (X,L)0 30000000000. OO
W(Kx+2L)=2000000 (X,L)0002000000000
ooooo.

4 0000000000
41 n=3,k(Kx+L) >0, h°%(Kx +2L) =300
00000 (X,L)0000

0000000 100n =300 wk(Kx+1L)>000 (X,L)0
W(Ky+2L)>30000000000,00

k(Kx+L)>0000,00 h(Kx+2L)=3000 (X,L)00
0000000000¢?

gogbooooggoboog.

00 4.1.1 (X,L)030000000000. 00 &(Kx+1L)>00
0r(Kx+2L)=300000000. (X,L)0000000002

(¢)  Ox(Kx)=0x, L*=1, I(I)=1, h'(Ox)=0

Proof 00000000000000O0OOO (0010000 (1)
ooo).

h(Kx +2L) = h°(Kx + L) = g2(X, L) + g1(X, L) = h'(Ox).  (4)
0000000000000000.

Claim 4.1.1 (X,L)0 30000000000. 00 s(Kx+L) >0
000 AR(Ky+L)>00000.

0000 A(L)=100000000000
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O 1: The list of the possible cases of (B.5) in Theorem 2

(det(£))F | Kg(det(E))

2

12
12

15
30

18
12

10
42

24
18
12
20
12

10

'amt)

(2,2)
(2,2,2,2,2,2)

(2,2,2,2,2)
(3,3,3,3)

(4,2,2,2)

(3,2,2,2)

(4,4,2,2)

(3,3,2,2)

(5,5,5)
(4,4,4)
(6,6,3)
(6,3,3)
(4,4,3)
(4,3,3)
(9,3,3)
(5,3,3)
(10,3,2)
(18,3,2)
(12,4,2)

(8,8,2)
(10,5, 2)

(7,3,2)
(8,3,2)
(9,3,2)
(12,3,2)
(5,4,2)
(6,4,2)
(8,4,2)
(6,6,2)
(5,5,2)

2
6
)
4
4
4
4
4
3
3
3
3
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3
3
3

0

1
1
1
1
1
1
1
1
1
1
1

1
1
1
1

1
1
1
1
1
1

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)

(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)




q(S) | g(C) | t | (my,...,my) | (det(E))F | Kg(det(E))
(31) | 2 2 |0 nothing 1 2
32 1 | 1 |1 2) 2 1
B3] 1 | 1 |2 (2,2) 2 2
GO 1 | 1 |1 2) 4 2
35 1 | 1 |1 (3) 3 2

Proof. OO HoringODODOGOOOOOODO.

00 4.1.2 ([12) (X,L)0 30000000000, 0000, 00
Kx+LOnef000 R(Kx+L)>00000.

Dbooboobooboobooboobon.

00 4.1.3 (X,L)0n0000000000. 00 s(Kx+(n—2)L) >
0000,0000000 (M,A)00000000k:X—>MOOO
Dooo0o0o0o0O000oo0o.

(1) B(Ky + (n—2)L) = hO(Ky + (n — 2)A).
(2) Kyy4+(n—2)A0 nef000.

O00000n=30k(Kx+L)>000,0041300003000
0000 (M,A)0D0000000w: X —->MOODODDOODODODOOO
ggoooo.

(a) hO(Kx + L) = h°(Ky + A).
(b) Kyy + A0 nef0 0 0.

0000000 (b)000 41200 A(Ky+A)>0000000,
0000 ()00 hKx+L)>0000, Claim4.1.100000. O

00 g(X,L) > h(Ox)00000000 (4000000000
0o.
3=h(Kx+2L) > gi(X,L) + 1.
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00000 ¢(X,L)<2000. 00 w(Kx+L)>000 (X, L) >2
0000. 000 ¢g(X,L)=2000.000000000000020
00000000000, k(Kx+L)>0000,00 A%(Kx+2L) =3
000000000000 41.10 (0000000000000
0. O

00 411 (1) 004110 (x)00000000 A%Kx +2L) =3
0ooooooooo.

(2) 004110000 (X,L)0000000 (00 [11)000).

4.2 n>4000

O00dmX >40000000. 00000000000000 ([6,
Conjecture 4.1], [7, Theorem 3.2.1 0 Conjecture 2.1 (1)] 000 ).

00 4.21 (X, L)0n0000000000O.

() n0200000000. 0000,0<i<n0000000;:
0000, ¢(X,L)>h(0Ox)00000.

(2) n0300000000. 00 k(Kx+ (n—2)L)>0000,
g:(X,L)>h'(Ox) 00000,

gbboogdgbooboagd.

00 4.2.1 (X,L)0 n0000000000.000,00 42100
0000000. 000000 10000000000, 00000
W(Ky+(n—1)L)<200000000, k(Kx+ (n—2)L) = —00 0
ooo.

Proof. 00 [11, Theorem 4.1 O Theorem 4.2| 0 0 O . O

0000000421000000,00000000000000
0000000000 KKy +(n—1)L)<20000000 (X,L)
0000000000000,

11



4.3 LOnefO0 bighDODOOGOOO

OO0O000D0O0Do0oonoOoboOog “LOnef00 bighOOOO”0
goobooooboob. g, bbobooogbooboboa.

00 431 XO0UO0OOOOODOO, LO nef00 bigOhOOOOOOQ
0,00000 (X, L)00000ooooo.

(X, L)DOOoO0oOOooooooooo,oo1ooooooooo
OO0 p|00000ooooooooong.

00 4.3.1 ([5, Conjecture NB)) n0 20000000, (X,L)0 n0
0000000000, 00 k(Kx+(n—1)L) >0000 h%(Kx +
(n—1)L)>0000.

0ob 4.3.1 LOO0OOOOOOOODOO43.1000 10000000
obooobooog.

gbooob43.100000b0b0o000bboboooobn.

en=200000[5 Lemma 1.7)/000 43100000000
gbooog.

e dmBs|L|<000000000O0O0O0431000000000
00 ([5, Corollary 1.9 0 Theorem 3.7]).

e JUUUDDn=300000043.1000b0b00000on
00 ([12], [10, Theorem 7 (a)]).

e DU O43100000DOODODDOODDOODO.

000n=30000, R%Kx+2L)<100000000 (X,L)
0000000000 0o0oooo (Dooo (10, Theorem 7 (a) O
Theorem 8 (a)] 0 0O 0).
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